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ABSTRACT 
SYNTHESIS OF MONOMERS FOR NEW CONJUGATED POLYMERS 
FEBRUARY 2012 
KEDAR GIRISH JADHAV 
B. TECH., INSTITUTE OF CHEMICAL TECHNOLOGY, MUMBAI 
M. TECH., INSTITUTE OF CHEMICAL TECHNOLOGY, MUMBAI 
M.S., UNIVERSITY OF MASSACHUSETTS, AMHERST 
Directed by: Professor D. Venkataraman 
This Thesis addresses the problem of synthesis of different monomers for donor and 
acceptor polymers in photovoltaic applications. In general, functionalization of 
conjugated polymers and understanding of molecular packing of electron donors and 
electron acceptors are very important to produce efficient solar cells. As a result, it is 
important to design and synthesize novel monomers which will require making new π-
conjugated donors and acceptors polymers and understand the influence of these new 
polymers in bulk heterojunction to design polymer solar cells. In this study, two different 
monomers were synthesized. The first monomer was designed and synthesized to 
investigate the effect of π-conjugated linker directly attached to the polymer backbone 
where the polymer backbone was based on thiophene unit and conjugated linker was 
1,2,3-triazole. In a different study, a conjugated monomer based on benzthiadiazole was 
designed and synthesized in order to synthesize new acceptor homopolymers and 
alternating copolymers. Two different monomers with different alkyl side chains based 
on benzthiadiazole were synthesized and subject to Suzuki and Stille polymerization to 
get respective polymers. 
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CHAPTER 1 
1. INTRODUCTION 
1.1 Overview and Principle of Organic Photovoltaics. 
The exponential growth of energy needs in the world and the depletion of the 
fossil fuel reserves have brought a compelling situation to find an alternative energy 
source. Harvesting energy directly from sunlight using photovoltaic technology is an 
important way to address growing global energy needs using a renewable resource.1 
Although significant progress has been made for inorganic photovoltaic devices; they are 
still not cost effective, partially due to the requirement of highly pure silicon. In contrast 
to the inorganic photovoltaic devices, organic photovoltaic devices have advantages like 
light-weight, easy processability, flexibility in shape and low cost of production of the 
relevant dyes.  Therefore, there is a widespread interest in developing devices based on 
organic materials for solar energy conversion.2-8 
Polymeric solar cells (PSCs) have promising potential to offer clean and 
renewable energy due ease of fabricating them onto large areas of lightweight flexible 
substrates by solution processing at a low cost. But, the power conversion efficiency of 
these cells is very low as compared to inorganic devices due poor charge carrier 
generation and unbalanced charge transport.9 So, it is necessary to understand basic 
principles of process of charge transfer in organic photovoltaic cell and develop new 
organic materials to achieve high efficiencies. The schematic representation of operating 
principle of organic photovoltaic cells is shown below. 
 
 Figure 1.1 Schematic representation of operating principle of a photovoltaic cell.
Electrons are collected at the Al electrode and holes at the ITO electrode. 
workfunction,  χ: electron affinity
Generally a solar cell operates through four 
absorption of incident photons, which depends on macroscopic surface property of the 
material used. After the absorption, it creates the electron 
excitons.11Third step is separation of the electron and hole which is determined by the 
charge distribution inside the cell. The final step is collection of the charge at respective 
electrodes which depends upon the Fermi level alignment of the metals with the energy 
levels of the material. Mainly the efficiency of a solar cell depends on the number of 
independent charge carriers produced through this procedure. 
Based on above mentioned principle, many attempts have been made to design 
organic solar cells. Firstly, an organic photovoltaic cell 
layer sandwiched between
2 
, IP: ionization potential, Eg: optical bandgap.
major steps.10The first step is 
hole pair called as 
 
with a single-component active 
 two electrodes with different work functions was designed but 
 
 
Φ: 
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it led to very low power conversion efficiency.9 Tang et al fabricated a bilayer 
heterojunction configuration containing a p-type layer as a hole transport and an n-type 
layer for electron transport to improve the photocurrent of the solar cell device.12 In this 
case, as the generated excitons have very limited lifetime, it can only diffuse between 5- 
14 nm, 13, 14 reducing the probability of donor excitons to reach the acceptor. This leads to 
the loss of absorbed photons and quantum efficiency and therefore reducing performance 
of bilayer heterojunction devices. To overcome this difficulty, Yu et al.15developed the 
concept of a bulk heterojunction (BHJ). By blending donor and acceptor materials 
together, an interpenetrating network with a large donor-acceptor interfacial area can be 
achieved through controlling the phase separation between the two components in bulk. 
In a current scenario, most of the organic photovoltaic cells are designed on the concept 
of bulk heterojunction. In most common organic solar cell, a thiophene based conjugated 
polymer is used as the hole conductor, and a fullerene derivative (PC61BM or PC71BM) is 
used as the electron conductor.  
P3HT and PC61BM is the well-known system reported till date with an efficiency 
of 5%. 16The efficiency can further be improved by tuning the properties of the thiophene 
based polymer backbone. The physical properties of polymers depend on the side chains 
or the solubilizing groups on the polymer and electronic properties depend upon energy 
levels of the polymer. These energy levels can be tuned either by changing the polymer 
backbone structure or by changing the nature of the side chains. In general, donor-
acceptor type polymers exhibit low band gap and their HOMO and LUMO values can be 
tuned by altering the nature of the repeating unit. The electron donating side chains such 
as alkoxy, alkylthiols or alkylamines can push the HOMO up 17 and electron withdrawing 
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side chains such as acid or nitro group can pull the LUMO down.18, 19 So, it is important to 
design new functionalized organic polymers which can be used to produce efficient solar 
cells. 
Another approach to improve efficiency is to develop new pi -conjugated acceptor 
polymers that have absorption spectrum with better overlap with solar emission spectrum 
and have good electron transport. The most commonly used acceptor is Methanofullerene 
[6, 6]-phenyl C61-butyric acid methyl ester (PC61BM). PC61BM is bulky in nature and 
segregates out while annealing P3HT-PC61BM blend due to mismatch in packing of these 
two materials.20 Also, the energy levels of PC61BM cannot be tuned, restricting use of 
many donor organic materials in solar cells. One of the approach is to use tandem solar 
cells in which an additional hole conductor is used with in conjunction of donor and 
acceptor materials to broaden the absorption spectrum, thus in turn increasing efficiency 
of solar cell. It has been shown that, it can improve the efficiency of a solar cell but it is 
very difficult to obtain active layer morphology of both hole conductors with an acceptor 
molecule respectively. These are the reasons why, it is important to develop new pi -
conjugated acceptor polymers which can have broad absorption spectra, good electron 
mobility and tunable energy levels. 
1.2 Scope and Overview of thesis 
         Functionalization of conjugated polymers and understanding of molecular packing 
of electron donors and electron acceptors are very important to produce efficient solar 
cells.  One of the main objectives of DV group at UMass Amherst is to synthesize novel 
π-conjugated donors and acceptor molecules and understanding the science behind 
assembling it to achieve proper molecular architecture and in turn increasing efficiency of 
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a solar cell. My Thesis mainly focuses on design and synthesis of novel monomers which 
will require making new π-conjugated donors and acceptors polymers and understanding 
the influence of these new polymers in bulk heterojunction to design polymer solar cells. 
         It has been known that functionalization of conjugated polymers with π-conjugated 
side chains is a very important tool to create next generation active materials for organic-
based devices such as sensors, field effect transistors, and photovoltaic devices.21 They 
offer high mobility and broad absorption bands in the UV-vis spectra. Functionalization 
of conjugated polymers can be achieved using 1, 3-dipolar cycloaddition. It is very 
important to design the monomers for the synthesis of these polymers as it may affect the 
method of polymerization and yields. Generally, functionalization of conjugated 
polymers with pi -conjugated side chains includes a non-conjugated spacer between the 
polymer backbone and side chain. This may influence the electronic properties of the 
polymer and in turn efficiency. So, it is necessary to investigate the effect of pi -conjugated 
linker directly attached to the polymer backbone. In addition to that, it is also essential to 
design the monomers to achieve the polymerization protocols. What will be effect on 
electronic properties on the polymer backbone with the direct attachment of pi -conjugated 
side chain as triazole? This is the research problem; I would like to answer in my thesis. 
This is important because we believe that triazole moiety in conjugation with a thiophene 
monomer can offer a convenient pathway to append pi -conjugated moieties to the 
conjugated polymer backbone and can alter the energy levels by either acting as donor-
acceptor alternating polymers or by inductively changing the electron density. 
         In my second part of my thesis, I have focused on designing new monomers to 
develop novel pi -conjugated acceptor polymer based on benzthiadiazole. The idea behind 
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this research is to develop a new π-conjugated acceptor polymer which can absorb major 
portion of sunlight in solar spectrum. This is important because generally in most of 
organic photovoltaic cells, light absorption mainly done by donor part as its commonly 
used acceptor counterpart, PC61BM, absorbs less than 350 nm. So, if one can develop an 
acceptor which can also absorb sunlight, it will increase photocurrent, in turn increasing 
efficiency of solar cell. Also, different donor materials can be used with newly 
synthesized π-conjugated acceptor polymer to design photovoltaic cells. It is well known 
from DV group research that the side chains can affect optical and electronic properties 
of polymers. So, we have incorporated two different side chains while designing the 
monomer to investigate the effect of side chains on optical and electrical properties. The 
long term goal is to develop a strategy to device a bulk heterojunction of newly 
synthesized π-conjugated acceptor polymers with different donor polymers to produce 
highly efficient solar cells. 
         The research part of my thesis is divided into two parts namely Chapter 2 and 
Chapter 3. Chapter 2 mainly discusses the issue of synthesis of new monomer where 
triazole is directly attached to thiophene as a conjugated side chain. This involves the 
problems faced during synthesis of monomers as well as polymers and different ways to 
overcome those synthetic difficulties. It also tries to answer the question of behavior of 
pendant triazole moiety as a side chain as compared with a triazole on the main chain and 
discusses about band gap of a polymer. Figure 2 shows the structures of synthesized 
monomers and polymers. 
